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Abstract: We have previously demonstrated that a designed amphiphilic peptide helix, denoted nano-1,
coats and debundles single-walled carbon nanotubes (SWNTs) and promotes the assembly of these coated
SWNTs into novel hierarchical structures via peptide—peptide interactions. The purpose of this study is to
better understand how aromatic content impacts interactions between peptides and SWNTs. We have
designed a series of peptides, based on the nano-1 sequence, in which the aromatic content is systematically
varied. Atomic force microscopy measurements and optical absorption spectroscopy reveal that the ability
to disperse individual SWNTSs increases with increasing aromatic residues in the peptide. Altogether, the
results indicate that w-stacking interactions play an important role in peptide dispersion of SWNTs.

Introduction this reagent contained pyrene, whose aromatic pyrenyl group
interacts with the SWNT surface through aromatistacking.
Zheng et al. demonstrated that DNA bases interact with SWNTs
throughz-stacking and, consequently, assist in the dispersion
and separation of SWNTS.Various forms of porphyrins also
effectively noncovalently solubilize SWNTs, presumably as-
sisted by the planarity of the porphyrin ridg!? Other studies
using polymers with benzyl and pyrenyl moieties involve
z-stacking interactions for the solubilization of SWNPg4

The importance of proteim-stacking interactions also has
been demonstrated through the recent development of fullerene-
specific antibodied>18 The proposed § binding site in the
crystal structure of an anti€g monoclonal antibody would
utilize z-stacking interactions between the fullerene and the
aromatic side chains of the amino acids, Phe, Tyr, and Trp for
binding!®

From these studies, the emerging conceptredtacking
protein/nanotube interactions was applied to our design of a
peptide, denoted nano-1, that can form amphiphilic helical
structure, coat, and solubilize SWN%sAmphiphilicity is

Applications ranging from high-strength, lightweight materials
to nanoscale electronic devices have been investigated for single-
walled carbon nanotubes (SWNTSs) owing to their extraordinary
electrical and mechanical propertieBiological materials, such
as peptides, have opened new possibilities for the dispersion,
separation, functionalization, and manipulation of SWRTSs.
Although peptide/SWNT dispersions extend the already vast
list of prospective applications of SWNTSs to biophysical and
biomedical areas, further research is required to better under-
stand the interaction of SWNTs and biological materials.

There are a few reports of the noncovalent interactions of
water-soluble proteins and SWNT surfade$Chen et al. used
a novel cross-linking agent to noncovalently link ferritin and
streptavidin-gold conjugated proteins to SWNT®ne end of
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Table 1.  Amphiphilic Helical Peptides Designed to Test the Roles
of Aromatic Residues and Helical Structure on Peptide/SWNT
Interactions

(VaLa)aa E VEALEKK VAALESK VQALEKK VEALEHG
(VaFd)aa E VEAFEKK VAAFESK VQAFEKK VEAFEHG
(FaFa)a/a E FEAFEKK FAAFESK FQAFEKK FEAFEHG
(VaFd)1a E VEAFEKK Y

done by Biopolymer Lab at Brigham and Women’s Hospital) and a
Beer’s Law standard calibration curve. Solutions of 100 (FaFq)a/s

and (VaFa)aa peptides, as well as 100 and 4001 (VaFg)14, Were
prepared using deionized water. Peptide concentrations were verified
using ultraviolet molecular absorption spectrometry, with the peptide
extinction coefficients calculated based on the extinction coefficients
of the chromophores Phe and Tyr (197 L mfatm™t at 257 nm, 1420

aEach seven residue repeat represents one helix heptad. Peptide$ mol™* cm™ at 276 nm, respectively). The calculated extinction

(VaLd)aa, Which is the previously well-characterized peptide Cglily?*
(VaFd)as, and (RFg)a/s, have varying numbers of Phe (F) residues inahe
and d positions (0, 4, and 8, respectively). The peptidesH4i.s and
(VaFd)as contain 1 and 4 heptads, respectively.

coefficients were also verified using Beer's Law standard calibration
curves.

SWNTs produced by high-pressure decomposition of carbon mon-
oxide (HiPco proces®were obtained from Carbon Nanotechnologies,

achieved through appropriate placement of apolar and polarinc. Between 1.0 and 1.3 mg of HiPco SWNTs were weighed in

residues in the peptide primary sequence such that resaues
andd in the repeating heptad, denoteabc,d,e f,g),, form a
hydrophobic face and residulsc, e, f, andg form a hydrophilic
face. Thea and d positions of each heptad in nano-1 are
occupied by the hydrophobic residues valine (Val) and phenyl-
alanine (Phe), respectivéhPhe, being aromatic, should interact
effectively with the SWNT surface via-stacking. We have

previously demonstrated that nano-1 indeed isolates individual
SWNTSs® and enables hierarchical assembly of peptide-wrapped

SWNTSs into novel structure®.

Eppendorf tubes using a Mettler H251 analytical balance. To the tubes,
a 1 mL volume of 100 or 40@M peptide was added. The mixtures
were vortexed for approximately 1 min and then sonicated using a VWR
Scientific Branson Sonifier 250 with the sample immersed in an ice
water bath. The 2 mm tip was placed into the samples approximately
one-third of the distance from the surface. Samples were sonicated for
1 min at a power level of 10 W.

The sonicated samples were first centrifuged in an Eppendorf 5417C
centrifuge for 10 min at 70& g. The upper 75% of the supernatant
was recovered using a small-bore pipet, avoiding sediment at the
bottom, and transferred to a Beckman centrifuge tube for further

The aim of this study is to better understand how the aromatic ¢enrifugation. Samples were then centrifuged for 30 min at 50000
content in the peptide affects the dispersion of SWNTs. The gin 3 Beckman TL-100 ultracentrifuge with the temperature controlled
importance of aromaticity in amphiphilic helical peptides was at 4°C. The upper 50% of the supernatant was recovered using a small-
tested using a designed series of peptides that vary in the numbebore pipet, avoiding sediment at the bottom, and transferred to a clean
of aromatic residues on the hydrophobic surface of the helix. tube. This centrifugation procedure was applied to all peptide/SWNT
The peptides (M.4)44, Which is the previously well-character-  samples, except that centrifugation at a reduced speedX%dfor 10
ized peptide Coil\Lg,2* nano-1 (also called (\Fg)as in this min) was necessary for 10MM (V aFg)1/ SWNT samples. All peptide/
manuscript), and @Fg)as have varying numbers of Phe residues SWNT preparations were performed three or more times to ensure
in the a andd positions (0, 4, and 8, respectively) (Table 1). reproducibility. The AFM height (diameter) statistics for the peptide/
The nomenclature (3 q),4 describes the peptides using one SWNT samples .(Flgure.s 3, 6) were taken from three independent
letter amino acid codes (X, Y) located at thandd positions sample preparations. Slngle factor analysis of variance (ANOVA),
of thea-helix heptad as indicated by the alphabetical subscripts Prformed at the 95% confidence level, revealed that the three separate

. . . . sample preparations conducted for each peptide/SWNT were statistically
(a (_1). The fraction sut_)sc_rlptz,@) conveys the peptide Iengt_h N imilar
which the numerator indicates the number of heptads with that . . -
aandd sequence out of the four possible heptads in the peptide The supernatants were diluted 10-fold with deionized water, and 10

. . . uL volumes were dropped onto freshly cleaved muscovite mica
sequence. The degree of folding of a peptide designed to form (Asheville-Schoonmaker Mica Co.). Samples were placed in a desic-

a helical structure depends on sequence length. Therefore, Weq o tq dry for 24 h prior to imaging by AFM. Peptide control samples,
also investigated the role of aromatic content on SWNT |acking SWNTs, were also prepared using the identical sample
dispersion in the absence of secondary structure effects bypreparation procedure. AFM images of the different peptide control
varying the length of the nano-1 sequence using={{;4, which samples exhibited no SWNT-like features, demonstrating that the
contains only one heptad (Table 1). Optical absorption spec- peptides alone do not form fibrillar structures (Supporting Information).
troscopy and atomic force microscopy (AFM) measurements  Atomic Force Microscopy. AFM experiments were performed in

revealed that the ability to disperse individual SWNTs increases air under ambient conditions using a Digital Instruments, Inc. Nano-
with increasing aromatic amino acid content on the hydrophobic scope 11l Multimode Scanning Probe Microscope operated in the

face of the amphiphilic helix.

Experimental Section

Peptide Synthesis and Purification.The synthesis and purification
of all peptides were performed using previously described procetitfres.

TappingMode. The AFM “J” scanner was calibrated using a Nano-
Devices, Inc. standard consisting of lines witl@ pitch and 20 nm
height, dimensions similar to those of SWNTs. The height calibration
was verified using hydrofluoric acid etched pits in muscovite mica
where 2 nm steps are observed along the long axis and 1 nm steps are

The identities of the pure peptides were verified using electrospray observed along the short aXfsAFM images (2.0x 2.0um?) for height

ionization mass spectrometry (HT Laboratories).
Peptide/Nanotube Sample PreparationsA solution of 100uM

(Valg)aa was prepared using deionized water, and the peptide concen-

tration was verified using quantitative amino acid analysis (analysis

(19) Zorbas, V.; Ortiz-Acevedo, A.; Dalton, A. B.; Yoshida, M. M.; Dieckmann,
G. R,; Draper, R. K.; Baughman, R. H.; Yacaman, M. J.; Musselman, I.
H. J. Am. Chem. So@004 126, 7222-7226.
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(21) Ogihara, N. L.; Weiss, M. S.; DeGrado, W. F.; EisenbergPftein Sci.
1999 8, 1400-14009.
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analysis of peptide-wrapped SWNTs were then acquired using a reduced
Z-limit range (100-200 V) and cantilevers with force constants and
average resonant frequencies of 5.0 Ntiand 180 kHz, respectively.
Larger image sizes of 1@m were necessary for length analysis of
peptide-wrapped SWNTSs.
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Figure 1. Photograph of Eppendorf tubes showing 50 60 supernatants
of (a) (VaLd)4/4/SWNT, (b) (VaFd)4/4/SWNT, and (C) (EFd)4/4/SWNT

samples. Differences among the peptide/SWNT dispersions were visually

n = 205). The diameters of the nanotubes in thgHY4/SWNT
dispersion ranged from 0.9 to 6.9 nm, with an average diameter
of 2.4 & 1.3 nm (four 2.0x 2.0 um? images,n = 215).
Considering the reported diameters of pristine SWAREsnd

that the peptide coating can add an additional 1 to 3 nm, these
height measurements for ff2)4/SWNT and (MFg)4/4/SWNT
dispersions suggest that the majority of the observed nanotubes
are individual SWNTs wrapped with peptide. In contrast, the
diameter of features in QL.4)4/SWNT dispersions ranged from

1.0 to 12.6 nm with an average diameter of £4£2.3 nm (six

2.0 x 2.0um? images,n = 200), suggesting that very few of
the features correspond to individual SWNTSs, but rather they
appear as small bundles of SWNTSs. T-tests for nonhomogeneous
variances, performed at the 95% confidence level for both

observed by a disparity of supernatant color intensity that qualitatively (Vald)aa vVersus (BFd)as and (Valg)aa versus (\Fd)4/4, revealed

indicates the amount of dispersed SWNTSs.

Ultraviolet —Visible—Near Infrared (UV —vis—NIR) Spectropho-
tometry. Peptide/SWNT dispersions were prepared following the
described sample preparation procedures usin® [h place of
deionized water. Absorption spectra of peptide/SWNT dispersions in
D,O were obtained using a common® blank in a Perkin-Elmer
Lamda 900 UV-vis—NIR spectrophotometer.

Circular Dichroism (CD) Spectroscopy.CD spectra were acquired
at 25°C using an Aviv model 202 circular dichroism spectrometer
and a 1 mmpath length rectangular quartz cuvette. Spectra were
collected from 190 to 260 nm at 1 nm intervals wsa6 sdwell-time
at each wavelength increment.

Results
(VaLld)ad/ SWNT, (VaFg)ad/ SWNT, and (BFg)44/SWNT dis-

that the average SWNT diameters can be distinguished.

Figure 4 presents U¥vis—NIR absorption spectra of the
peptide/SWNT dispersions. The confinement to the graphene
electronic states around the SWNT circumference causes the
1D SWNT electronic band structure to have a series of sharp
von Hove singularitied? The optical absorption spectra of
individual SWNTs are characterized by a series of relatively
sharp transitions at energies related to these von Hove singu-
larities. Aggregation of SWNTs into bundles substantially
broadens the interband transitions in the absorption spectra. This
broadening is attributed to intertube van der Waals interactions
that disturb the electronic structure of SWN#PS he broadened
and red-shifted absorption spectrum of the,l(y4/SWNT
sample (Figure 4a) demonstrates that the SWNTSs in this sample

persions were generated using an identical sample preparatior?® predominately bundled. Optical absorption spectroscopy and

procedure in which a mixture of peptide solution (1 mL, 100
uM) and solid SWNTs (1.81.3 mg) were sonicated (1 min,
10 W) and centrifuged (50 009 g, 30 min) yielding dispersions

AFM of (VaLq)44/SWNT dispersions revealed that the absence
of aromatic amino acids on the apolar surface of the amphiphilic
helix, in this case, results in a suspension of predominately

(supernatants), which were removed from the undispersed solid.Pundled SWNTs.
Peptide/SWNT sample preparations were repeated at least three The absorption spectra of the {&)44/SWNT (Figure 4b)

times for each peptide to ensure reproducibility. Differences

and (RFg)44/SWNT (Figure 4c) samples show more pronounced

among the peptide/SWNT dispersions were visually observed features compared to the {M)44/SWNT sample. These well-

by a disparity of supernatant color intensity that qualitatively

resolved spectral features corroborate the AFM evidence of

indicates the amount of dispersed SWNTs. Based solely on theSWNT debundling in aqueous solution byat4)4s and (RFd)a.

supernatant color intensity of @W/g)4/SWNT (faint gray),
(VaFa)aid/ SWNT (gray), and (FFg)44/SWNT (dark gray), the

The absorption peaks of these two spectra match exactly in
wavelength but differ in intensity. The matching absorption

amount of SWNTs that were solubilized appears to have spectral traces (Figure 4) and the similar diameter distributions
increased with an increasing number of aromatic amino acids (Figure 3) of the (MFq)a/SWNT and (BFq)44/SWNT samples

in the peptide sequence (Figure 1).

Another striking difference among the peptide/SWNT disper-
sions was discerned from AFM images. HiPco SWNTs are
typically less than m in length and range from 0.7 to 1.5 nm
in diameter?2 Unusually long SWNTSs, with several longer than
the image sizeX10.0um), were observed in the AFM images
of (VaFd)ad/ SWNT and (BFg)44/SWNT dispersions (Figure 2b
and c). In contrast, (M.q)24/SWNT supernatants exhibited
shorter SWNTs ranging from 0.1 to 6ufn with an average
length of 0.7+ 0.6 um (four 10.0x 10.0 um? images;n =
200) (Figure 2a).

indicate that both peptides are capable of dispersing individual
SWNTSs. The increased intensity of the absorption spectrum for
the (RF4)44/SWNT dispersion, compared to that of the,fy) 44/
SWNT dispersion, suggests that additional Phe residues increase
the amount of SWNTSs that are dispersed. From these data, it
can be concluded that the isolation of individual SWNTs is
achieved with an amphiphilic peptide design containing four
aromatic amino acids ((¥q)4/4), although the addition of more
aromatic amino acids in theeandd positions ((GFq)44) results

in an increased amount of SWNTSs that are dispersed. This effect
can be explained in terms of both the sequence and the structure

AFM height measurements, which provide an accurate of the two peptides. Sequences that place more aromatic amino
measure of SWNT diameter, revealed another difference amongacids in thea andd positions to interact with the SWNT surface

the various peptide/SWNT dispersions (Figures 2 and 3). AFM
height analysis of (§Fg)44/SWNT dispersions provided a
diameter distribution ranging from 0.8 to 6.5 nm, with an
average diameter of 24 1.1 nm (four 2.0x 2.0um? images,

(24) Dresselhaus, M. S., Dresselhaus G., Ezrbon Nanotubes: Synthesis,
Structure, Properties and ApplicationSpringer: New York, 2001; Vol.
81, pp 341-347.

(25) O’Connell, M. J. et alScience2002 297, 593-596.
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1
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Figure 2. AFM images (a) (MLa)a/SWNT, (b) (VaFa)ad/SWNT and (c) (&Fd)4:4/SWNT samples. For each row: left, 10:010.0u«m? image; center, 2.0
x 2.0um? image; right, cross-sectional topological profile taken along the solid black line drawn in the corresponding center image. In the left panel of (a),

arrow F points to peptide film and arrow P points to pools of peptide.

Diameter Distribution
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ss8883
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0-1 1-2 23 34 4-5 56
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&7 78 89 10+

B (VoLo)sw/SWNT B (V.F)a/SWNT B (F,F)su/SWNT

Figure 3. Diameter distributions (determined from AFM height measure-
ments) of (MLa)as, (VaFd)as, and (RFd)aa 50 000 x g dispersions of
SWNTs. The diameters of (¥q4)4/SWNT and (BFg)24/SWNT samples
are indicative of debundled individual peptide-wrapped SWNTs, while the
diameters of (MLag)ad/SWNT samples appear to represent small SWNT
bundles.

allow for increasecdt-stacking interactions, thereby enhancing
SWNT dispersion. Moreover, CD data indicate thaiH) a4 is
significantly less helical than ¢Fq)4/4 under similar conditions
of peptide concentration and PEWe expect that a more folded
(helical) structure displays a hydrophobic surface more ef-
fectively and, therefore, better disperses SWNTSs.

The inferior dispersing capability of Qq)44 compared to
that of (VaFg)a2 and (RFg)asa can be best explained by

considering two controlling factors. First, without aromatic
amino acids, (MLd)as has a weaker interaction with the
nanotube surface. As has been recently demonstrated with
sodium dodecylbenzene sulfonate, compared to the widely used
surfactant system of sodium dodecyl sulfatestacking interac-
tions increase the binding to SWNTs and hence increase the
fraction of single tubes in solutioti.Similarly, the stacking of
aromatic amino acids onto the graphene SWNT surface allows
for the dispersion of individual SWNTs. Second, the incorpora-
tion of aromatic groups into the helix apolar face decreases the
ability of the peptides to self-associ&feThis peptide self-
association is revealed in AFM images and corresponding cross-
sectional profiles of the (M.q)44/SWNT samples as a peptide
film and as pools of peptide (Figure 2a). Conversely, free peptide
is present only as small beads in the AFM images and
corresponding cross-sectional profiles of theRy./SWNT

and (RFq)44/SWNT dispersions. Peptides that self-associate to
a greater degree (largédassod Should be less effective at
dispersing SWNTSs.

To examine the role of aromatic content on SWNT dispersion
in the absence of secondary structure effects, the length of the
four heptad (\jFq)44 Sequence was decreased to a one heptad
(VaFd)14 sequence (Table 1). Decreasing the sequence length
of a peptide designed to form helical structures will impact the
degree of folding. CD was utilized to characterize the peptide’s
ability to fold in aqueous solution, both alone and in the presence

(26) Acevedo-Ortiz, A. Ph.D. Thesis, University of Texas at Dallas, Richardson,
TX, unpublished.

12326 J. AM. CHEM. SOC. = VOL. 127, NO. 35, 2005

(27) Islam, M. F.; Rojas, E.; Bergey, D. M.; Johnson, A. T.; Yodh, ANano
Lett. 2002 3(2), 269-273.
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Figure 4. Absorption spectra of (a) QLq)a:d/SWNT, (b) (VaFa)ad/ SWNT,
and (c) (RFd)4#SWNT samples. The sharp feature~e860 nm is due to
a grating and detector change associated with the spectrophotometer.

of SWNTs (Supp(.)rtlrjg I.nformatlon.)' There were no predomi- Figure 5. AFM images (5.0x 5.0um?) of (a) 500x g supernatant of 100
nant CD peaks indicative ofi-helical secondary structure \1 (v,Fg),/SWNT sample exhibiting predominately SWNT bundles and
(negative features at 222 and 208 nm) for 100 and 480 (b) 50 000x g supernatant of 40@M (V aFg)1/SWNT sample showing
(VaFd)14, both in the presence and in the absence of SWNTSs. individual SWNTs.
This result reveals that the shorter peptide indeed does not adopt

a significant degree afi-helical structure in aqueous solution
as a function of increasing peptide concentration or as a result
of stabilization by hydrophobic interactions between the peptide
a/d face and the SWNT surface. As expected, this behavior is
contrary to that reported for (¥q)4/4 (i.€., nano-1§. Therefore,

the 100 and 40@M (V 4F4)1/4 Samples will allow us to examine

the role of increasing aromatic content on dispersing SWNTs " ‘ ' . .J _I -—m— m m I
0-1 1-2 2-3 34 45 5-6 67 7-8 B9 10+

Diameter Distribution

Percent (%)
B8 &883

in the absence of amphiphilic helical structure. 0
The 100uM (VaFg)14/SWNT sample yielded a colorless
50 000x g supernatant (not shown) suggesting minimal SWNT Diameter (nm)
dispersion. AFM images (not shown) of this sample confirmed B100 uM (V_F,);/SWNT 100 uM (V,F ),/ SWNT
the absence of SWNTSs. A lower centrifugation speed of 500
g yielded a light gray supernatant. AFM images of this E400 uM (V,F o)1/ SWNT
supernatant exhibited SWNTs ranging from 0.1 to 200 in Figure 6. Diameter distributions (determined from AFM height measure-

; ments) of 500x g supernatant of 10&M (VaFg)14 and 50 000x g
length, with an average length of 0430.2um (three 10x 10 supernatant of 400M (VaFe)ue and 100xM (V SFuas dispersions of

um? imagesn = 220) (Figure 5a). AFM height measurements  gyNTs. Diameter distribution of the tubes in the 400 (V 2721/ SWNT

of the 500 x g (VaFq)udSWNT supernatant revealed a sample is comparable to that of tubes in the ZMD(V aFg)44 SWNT sample

predomlnance Of Sma" SWNT bundles W|th d|ameters ranglng in which both are indicative of debundled individual peptide-Wrapped
- - SWNTSs. In contrast, diameters of tubes in the 100 (V aFg)14SWNT

from 0.8 to 18.2_nm, with an average diameter of £.2.6 nm sample appear to represent SWNT bundles. v

(two 2 x 2 um? images,n = 64) (Figure 6).

In contrast, when using the identical sonication and high- 5b) exhibited SWNT-like features ranging in length from 0.1
speed centrifugation procedure as with 200 (V aFg)/4, the to 4.2um, with an average length of 02 0.6 um (three 5.0
50 000 x g supernatant of 40M (V aFq)1/SWNT was a x 5.0 um? images,n = 205). The diameters for the tubes in
homogeneous dark gray color. The AFM image of the 50 000 the 400uM (V aF4) 14/ SWNT dispersion ranged from 0.8 to 10.8
x g supernatant of 40@M (V aF4)1/4/SWNT samples (Figure  nm, with an average diameter of 2461.6 nm (four 2.0x 2.0
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um? imagesh = 163) suggesting the presence of predominately sequences which placed more aromatic amino acids irathe

individual, peptide-wrapped SWNTs (Figure 6). and d positions were more effective at dispersing individual
A t-test for nonhomogeneous variances, performed at the 95%SWNTSs. Isolation of individual SWNTs was achieved with an
confidence level, for 100M (V aFg)a/4 versus 100M (V aFg)1/4 amphiphilic peptide design containing four aromatic amino acids

revealed that the average SWNT diameters could be distin-in the d position ((VaFg)a/4), although the addition of more
guished; however, a t-test for nonhomogeneous variances,aromatic amino acids in theeposition ((RFq)4/4) resulted in an

performed at the 95% confidence level, for 100 (V aFg)a/4 increased amount of SWNTs that were dispersed. Without
versus 400uM (VaFq)14 showed that the average SWNT aromatic amino acids in the apolar face of the amphiphilic helix
diameters were statistically similar. Hence, the 480(V aFg)1/4 ((VaLlg)asa), only small bundles of SWNTs can be suspended,

sample, which has the same number of aromatic residues inas this polypeptide self-associates and also lacks the ability to
solution as 10«M (V aF4)4/4 but lacks helical structure, is still interact with the SWNT surface throughstacking. The impact
capable of dispersing SWNTs. The inability of the 100 of aromatic content in the absence of secondary structure effects
(VaFg)1/4 to do the same implies that-stacking interactions  was further studied by varying the concentration of a one heptad
are important in SWNT dispersion and demonstrates the sequence, (¥Fq)14, Which does not fold into aru-helical
importance of aromatic content for peptieWNT interactions. conformation. CD spectra, correlated with AFM analyses,
Interestingly, a t-test for nonhomogeneous variances, performedprovided evidence of increased SWNT dispersion with increas-
at the 95% confidence level, for 100 (V aFg)4/4 versus 400 ing aromatic residues in solution. Altogether, these data
uM (V aFg)1/4 revealed a statistical difference in average SWNT demonstrate thatr-stacking interactions between aromatic
length, with the 10M (V aFg)4.d/ SWNT dispersions exhibiting  residues of a peptide and the graphene surface of a SWNT play
longer SWNTSs. There are two viable explanations for this result. an important role in peptide dispersion of SWNTSs.

First, the longer helical peptide may better bridge adjacent )

SWNTSs, which is consistent with the designed structure of Acknowledgment. The support of this research by the Robert
folded (VaFg)au (nano-1) intended to promote self-assembly A- Welch Foundation [AT-1326 (I.H.M.)], the Department of
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helical peptide may better coat the SWNTs and thereby protect (A-O--A.) are gratefully acknowledged.

them from possible breakage during sonicafion. Supporting Information Available: AFM images of peptide

Conclusions control samples and CD spectra of the 100 andiaQqV oFg)1/4
samples, with and without SWNTSs, are provided (PDF). This
material is available free of charge via the Internet at
http://pubs.acs.org.

The importance of aromatic residues was examined using a
series of peptides that varied the number of phenylalanine
residues on the hydrophobic surface of the helical peptide.
Optical spectroscopy and AFM measurements revealed thatJA050747V
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